Introduction
The incidence of fungal infections is a growing serious health burden worldwide, especially, in industrialized countries. Immunocompromised individuals are particularly more prone to life-threatening fungal infections caused by opportunistic fungi. In addition, the use of anticancer drugs and immunosupressant agents increases the incidence rate of serious fungal infections. The emergence of drug resistance and toxicity of the currently available antifungal agents (flucytosine, amphotericin B, and ketoconazole) have reinforced the demand for the development of new antifungal candidates with improved potency and safety profiles.
Imidazole and triazole heterocylic rings constitute essential pharmacophore fragments of the clinically used antifungal azoles. Fluconazole and itraconazole are potent triazole-bearing antifungal drugs; however, the former drug is not effective against invasive aspergillosis and the latter one suffers from poor aqueous solubility and oral bioavailability. 5, 6 Therefore, there is an urgent medical need to develop new antifungal drug-like candidates bearing azole nuclei to overcome the drawbacks of the currently available azole antifungal agents.
Most of the available azole antifungal agents bear an ethyl spacer which separates the azole moiety from an aromatic pharmacophore fragment. However, a propyl spacer separating the azole pharmacophore from the aromatic part occurred in a limited number of antifungal candidates. [7] [8] [9] Accordingly, it was of our interest to report the synthesis of certain imidazole-based surrogates bearing a propyl spacer to be evaluated as new antifungal candidates. In addition, the title compounds 5a-r bear 1,3-benzodioxole aromatic fragments which might augment their antifungal potential. 10, 11 The assigned chemical structures of the target compounds 5a-r were thoroughly characterized using different spectroscopic techniques. Moreover, the configuration of the imine functionality of the title compounds 5a-r were examined with the aid of single crystal X-ray analysis of compound 5o as a representative example of the title compounds 5a-r.
Materials and methods general
The uncorrected melting points of the synthesized compounds were measured using a Gallenkamp melting point device. A Perkin Elmer FT-IR Spectrum BX device was used to record the infrared (IR) spectra (as KBr disks). The nuclear magnetic resonance (NMR) spectra of the synthesized compounds were measured after dissolving the test samples in DMSOd 6 and the measurements were achieved at 500 MHz for 1 H and 125.76 MHz for 13 C on Bruker NMR spectrometer at the Research Center, College of Pharmacy, King Saud University, Saudi Arabia. Chemical shifts are articulated in δ-values (ppm) compared to tetramethylsilane as an internal standard. Elemental analyses of the target compounds were executed at the Microanalysis Laboratory, Cairo University, Cairo, Egypt, and the results agreed favorably with the proposed structure within ±0.4% of the theoretical values (Table S1 ). Agilent Quadrupole 6120 LC/MS was utilized to record the mass spectra of the synthesized compounds with the aid of electrospray ionization (ESI) source. Silica gel thin layer chromatography plates with fluorescent indicator at 254 nm were acquired from Merck and visualization was accomplished by illumination with a UV light source (254 nm). chemistry synthesis of 1-(2H-1,3-benzodioxol-5-yl)-3-(1H-imidazol-1-yl)propan-1-one (3)
Compound 3 was prepared according to the previously reported procedure and its spectral data are consistent with reported ones. 12 synthesis of (1E)-1-(2H-1,3-benzodioxol-5-yl)-Nhydroxy-3-(1H-imidazol-1-yl) propan-1-imine (4)
Oxime 4 was synthesized from ketone 3 through adopting the reported method and its spectral data are consistent with the previously reported ones. 13 general procedure for the synthesis of the target oximino esters 5a-r
Method a
N,N′-Carbonyldiimidazole (0.32 g, 2.0 mmol) was added to a stirred solution of the appropriate carboxylic acid (2.0 mmol) in tetrahydrofuran (THF) (10 mL). Oxime 4 (0.5 g, 2.0 mmol) was added to the stirred reaction mixture and stirring was continued for further 18 hours at room temperature. THF was evaporated under vacuum and ethyl acetate (30 mL) was added to the residue and the organic phase was washed successively with water (2×20 mL), 10% NaHCO 3 solution (2×15 mL), and water (2×15 mL). The organic layer was separated, dried (Na 2 SO 4 ), and evaporated under reduced pressure. The corresponding oximino esters 5a-d, 5f, 5g, 5i, 5l, 5m, and 5p-r were purified either by recrystallization from ethanol (for solids) or column chromatography (for oils).
Method B
4-Dimethylaminopyridine (400 mg) was added to a stirred solution of the appropriate carboxylic acid (7 mmol) and N-(3-dimethylaminopropyl)-N′-ethylcarbodiimide hydrochloride (EDCI⋅HCl, 1.39 g, 7.3 mmol) in dichloromethane (75 mL). Oxime 4 (1.79 g, 6.9 mmol) was added to the stirred reaction mixture and stirring was continued for further 18 hours at room temperature. The reaction mixture was washed successively with water (2×20 mL), 10% NaHCO 3 solution (2×15 mL), and water (2×15 mL). The organic layer was separated, dried (Na 2 SO 4 ), and evaporated under reduced pressure. The respective crude oximino esters 5e, 5h, 5j, 5k, 5n, and 5o were purified by recrystallization from ethanol.
( 
propylidene]amino}oxy)(3-fluorophenyl)methanone (5f). Yield 0.4 g (40%); white powder, mp 135°C-137°C; IR (KBr): ν (cm crystal structure determination of compound 5o
Compound 5o was obtained as single crystals by slow evaporation from ethanol solution of the pure compound at room temperature. Data were collected on a Bruker APEX-II D8 Venture area diffractometer, equipped with graphite monochromatic Mo Kα radiation, λ=0.71073 Å at 293 (2) K. Cell refinement and data reduction were carried out by Bruker SAINT. SHELXT 14 was used to solve the structure. The final refinement was carried out by full-matrix least-squares techniques with anisotropic thermal data for non-hydrogen atoms on F. CCDC 1875757 contains the supplementary crystallographic data for this compound and can be obtained free of charge from the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
antifungal activity of the title compounds 5a-r
The in vitro antifungal potential of the oximino esters 5a-r was examined with the aid of diameter of the inhibition zone (DIZ) and minimum inhibitory concentration (MIC) assays according to literature methods. 12 The detailed experimental procedures are provided under the "Antifungal activity" section of in the Supplementary materials.
Results and discussion chemistry
The adopted synthetic pathway to prepare the title compounds 5a-r is portrayed in Scheme 1. Thus, the reaction sequence 5a-d, 5f, 5g, 5i, 5l, 5m , and 5p-r; and (v) arcOOh, eDci.hcl, DMaP, DcM, rt, 18 hours, for compounds 5e, 5h, 5j, 5k, 5n, and 5o. Abbreviations: DcM, dichloromethane; DMaP, 4-dimethylaminopyridine; rt, room temperature; ThF, tetrahydrofuran.
Drug Design, Development and Therapy 2019:13 submit your manuscript | www.dovepress.com
Dovepress

781
al-Wabli et al was commenced via conducting a Mannich reaction on the commercially available 1,3-benzodioxole derivative 1 to achieve oxime 3 in a three-step reaction sequence according to the reported methods. 13 Compound 3 was subjected to esterification with the appropriate carboxylic acid under mild conditions to furnish the target oximino esters 5a-r in acceptable yields.
crystal structure of compound 5o
The crystallographic data and refinement information of compound 5o, C 23 H 24 N 4 O 6 , are summarized in Table 1 . The selected bond lengths and bond angles for compound 5o are presented in Table 2 . The asymmetric unit contains one independent molecule as shown in Figure 1 . The 1,3-benzodioxole plane makes dihedral angles 5.69° and 77.56° with trimethoxyphenyl ring and imidazole ring, respectively. All the bond lengths and angles are in normal ranges. 15 The molecules are packed together in the crystal structure by three non-classical hydrogen bonds along the b axis as shown in Table 3 and Figure 2. antifungal activity of the target oximino esters 5a-r
The antifungal activity of the synthesized oximino esters 5a-r is presented in Table 4 . Compounds 5a, 5g, 5j, 5l, and 5m showed the best antifungal activity against the tested Candida albicans strain in the DIZ assay with DIZ value of 15 mm being about 1.2-fold less potent than fluconazole. Whereas, compounds 5a, 5b, 5d-f, and 5k-r were the most active oximino esters against the tested Candida tropicalis strain in the DIZ assay with DIZ values equal to or more than 106.0 (5) n3-c8-c4 112.5 (6) c6-O2-c7 105.5 (5) n3-c8-c9 124.1 (6) c17-O4-c21
118.6 (6) n1-c10-c9 112.5 (6) c18-O5-c22
123.8 (6) n1-c11-c12 106.1 (7) c19-O6-c23
125.7 (7) O3-c14-c15 124.4 (6) c11-n1-c13 105.3 (7) O3-c14-n4 122.8 (7) c12-n2-c13
103.3 (7) n4-c14-c15 112.6 (6) n4-n3-c8
109.3 (6) O4-c17-c16 123.8 (7) n3-n4-c14 114.9 (5) O4-c17-c18 117.1 (7) O1-c1-c2 129.2 (7) O5-c18-c17 123.5 (6) O1-c1-c6
109.0 (6) O5-c18-c19 116.9 (7) O2-c6-c5
128.4 (6) O6-c19-c18 114.3 (6) O2-c6-c1 110.8 (6) O6-c19-c20 125.2 (6) O1-c7-O2
108.4 (6) Regarding the tested Candida parapsilosis and Aspergillus niger strains, compounds 5a-r displayed moderate activity in the DIZ assay with DIZ values ranging from 11 to 23 mm, being nearly equipotent with fluconazole. Moreover, compounds 5l and 5m (bearing trifluoromethylphenyl moiety) were the most active equipotent congeners in the MIC assay against the tested C. albicans strain with MIC value of 0.148 μmol/mL, being about threefold less potent than fluconazole whereas, compound 5b, bearing the 4-bromophenyl fragment, was the most active oximino ester toward C. tropicalis with MIC value of 0.289 μmol/mL, being about six times less potent than fluconazole, followed by the equipotent candidates 5l and 5m which displayed MIC value of 0.297 μmol/mL. Compound 5o incorporating 3,4,5-trimethoxyphenyl moiety exhibited the best activity against the tested C. parapsilosis with MIC value of 0.141 μmol/mL, being nearly threefold less potent than fluconazole. The oximino ester 5l was the most active anti-A. niger compound with MIC value of 0.297 μmol/mL, being equipotent with compound 5m. Furthermore, compounds 5h, 5i, 5n, and 5q manifested the weakest antifungal activity among the synthesized oximino esters 5a-r toward C. tropicalis, C. parapsilosis, C. albicans, and A. niger, respectively, with MIC values equal to or more than 1.18 μmol/mL. In summary, it seems that substitution with the 3-or 4-trifluoromethyl moiety (compounds 5l and 5m) is favored for the antifungal potential of the prepared oximino esters 5a-r, particularly toward C. albicans and A. niger. On the other hand, the best anti-C. tropicalis and anti-C. parapsilosis activity was achieved with 4-bromophenyl (compound 5b) and 3,4,5-trimethoxyphenyl (compound 5o) moieties, respectively. Regarding the heteroaryl-bearing oximino esters (compounds 5p-r), the thiophene-bearing compound 5r is the best heteroaryl-bearing oximino ester against both C. tropicalis (MIC value =0.347 μmol/mL) and A. niger (MIC value =0.693 μmol/mL), and the pyridinebearing compound, 5p, is the best heteroaryl-bearing oximino ester against C. parapsilosis (MIC value =0.176 μmol/mL).
The weak to moderate antifungal activity of the synthesized compounds 5a-r as compared to the reference antifungal drugs might be attributed to either their poor pharmacokinetic properties or improper interaction with their target fungal protein. 
Conclusion
The synthesis and spectroscopic identification of certain new oximino esters 5a-r bearing imidazole and 1,3-benzodioxole fragments have been reported. Single-crystal X-ray analysis of compound 5o confirmed without doubt the assigned chemical structures of the title compounds as well as confirmed the (E)-configuration of their oximino group. The antifungal potentials of the title compounds 5a-r have been examined in vitro against four fungal strains using DIZ and MIC assays. It seems that substitution with the 3-or 4-trifluoromethyl moiety (compounds 5l and 5m) is favored for the antifungal potential of the prepared oximino esters 5a-r, particularly toward C. albicans and A. niger. On the other hand, the best anti-C. tropicalis and anti-C. parapsilosis activity was achieved with 4-bromophenyl (compound 5b) and 3,4,5-trimethoxyphenyl (compound 5o) moieties, respectively. The results of the current investigation could support the development of new antifungal lead candidates.
Supporting materials
The details of the experimental methods which were adopted for the antifungal evaluation of the prepared compounds and representative NMR spectra ( Figures S1-S6 ) of the target compounds are provided as Supplementary materials. 
Preparation of fungal inocula
The inocula of the standard mold Aspergillus niger strain have been prepared by removing the sporulated A. niger from the Sabouraud Dextrose agar slant with a microbiological loop and the spores have been suspended in 10 mL of sterile water. The suspension has been filtered through sterile gauze to remove hyphae. The resulting suspension of conidia has been vigorously mixed using a vortex. The suspension has been adjusted to 1×10 5 CFU/mL using spectrophotometer. This fungal suspension has been diluted 1:5 with RPMI medium to obtain suspensions having 2× of the required final concentration. This conidial suspension had a final concentration of 1×10 4 CFU/mL when mixed with the tested solution of compound 4. On the other hand, the inocula of the standard yeast strains of C. albicans, C. tropicalis and C. parapsilosis have been prepared by suspending five representative colonies, obtained from 24 to 48 h culture on Sabauraud Dextrose agar medium, in sterile distilled water. The final inoculum concentration must be between 0.5×10 5 and 2.5×10 5 CFU/mL.
Preparation of the tested compound solution
Briefly, a twofold dilution series of the tested compounds has been prepared in a double strength RPMI 1640 culture medium. Ten serial dilutions were prepared to give concentrations ranged from 1,024 mg/L to 2 mg/L.
antifungal susceptibility studies
Minimum Inhibitory Concentrations (MICs) have been determined by broth microdilution testing as described previously by EUCAST. 1 The experiment was carried out in duplicate. Briefly, one mL of RPMI 1640 medium from each of the bottle containing the corresponding concentration of the tested compounds has been transferred into sterile 7 mL Sterilin tubes (Thermo Fisher Scientific, Waltham, MA, USA). The RPMI 1640 medium containing 1,024 mg/L of the tested compounds has been dispensed to tube 1, the medium containing 512 mg/L has been dispensed to tube 2, the medium containing 256 mg/L has been dispensed to tube 3 and so on to tube 10 for the medium containing 2 mg/L of the tested compounds. One mL of the medium has been dispensed in tubes 11 (positive control) and 12 (negative control). One mL of the diluted inoculum suspension has transferred to each tube except tube 12 to bring the tested compounds dilutions to the required final test concentrations. The tubes were incubated at 35°C for 72 h. The MICs of the tested compounds were determined visually by recording the degree of growth inhibition in each tube. The microanalysis results (Table S1) of the target compounds 5a-r agreed favorably with the proposed structures within ±0.4% of the theoretical values. 
Figure S6
13 c nMr spectrum of compound 5k.
